The backfill above a high embankment culvert is over 10 m, which leads very large earth pressure on the crown of the culvert. The imperfect trench covered with geogrid method (ITG) was employed to reduce the vertical earth pressure on the crown. A series of numerical analyses were performed to investigate the effect of ITG on load reduction for the culvert. In the numerical simulations, the number of geogrid layers, the geometry shape and the dimension of the load reduction trenches, as well as the location and the stiffness of the overlaid geogrid were investigated to analyze the influences on the vertical earth pressures. The results show that the slope angle and the height of the trench, the plane stiffness of the geogrid have great effect on the efficiency of load reduction, trenches with higher height and slope angles of 90° lead to a significantly reduction on vertical earth pressure on the crown of culvert. The width of load reduction trench, the number of geogrid layers, the location and the spacing of the geogrids have negligible effect on load reduction, the results can provide references for load reduction of slab culvert.
INTRODUCTION
The culverts underneath high embankment always endure high earth pressures 1 , in order to reduce the earth pressures, the imperfect trench covered with geogrid method is introduced and employed herein to reduce the vertical earth pressure on the crown of the culvert [2] [3] . The imperfect trench method has been used in high embankment conduit for many years 4 . However, the characteristic of the compressible backfill in the load reduction trench is unstable, especially the long-term character is not clear, which always causes large post-construction settlement. Yang suggested that geogrid layers could be spread on the top of the load reduction trench to reduce the post settlement 5 , and a series of model tests were conducted to verify his method. However, there are still many factors have influences on the vertical earth pressure of high embankment culvert and the load reduction efficiency, including the number of geogrid layers, stiffness of the geogrid reinforcement, the geometry shape of the load reduction ditch, etc.. This paper mainly deals with the influences of the installation of geogrid layers and the geometry shape of load reduction ditch on the vertical earth pressure on the crown of the culvert and determines reasonable geometry shape of the load reduction trench and the arrangement of geogrid. It can provide references for high embankment arch culvert design and improve the application of the high embankment culvert.
NUMERICAL SIMULATION
The geometry dimensions of the embankment used for this numerical simulation are in accordance with the culvert section located at Changping expressway in the field. According to the dimensions of the high embankment culvert section, a two-dimensional model of the high embankment culvert was established for the finite element analysis, with PLAXIS Version 8.2. The fill, the subgrade soils and the slopes were meshed with 15-node triangular elements. And 15-node line elements were used to generate the mesh for the geogrids and interface. For the concrete culvert, 15-node plate elements were used.
As shown in Fig.1 , the two side boundaries of the model were horizontally restrained while the bottom of the model was fixed. The fill, the subgrade soils and the slopes were described as Mohr-Coulomb elastoplastic material. The dimensions of the numerical model were identical with those of the field test for comparison. The meshed model is shown in Fig.1 and the stresses in the subgrade soils were generated by the K 0 procedure. The properties of the material used in the numerical analysis were obtained from field and laboratory tests as shown in Table 1 . Then, the fill above the culvert was divided into 6 layers, which were placed above the culvert layer-by-layer to simulate the stage construction. After fill with the loose sift cinders in the load reduction trench, the geogrid layers were placed on the top of the load reduction trench. The embankment fill was filled above the geogrid layers and then was compacted before the next geogrid layer was placed. In this study, a constant value of the modulus of backfill is used for simplification since the modulus of compacted fill is less dependent on the confining stress. Interface elements are used to describe the slippage character between soil and structure. The shear strength of the interface is given by The geogrid reinforcements are flexible materials only capable of resisting tensile stresses, in the PLAXIS the axial stiffness of geogrid EA is the only property needed， E is the modulus of elasticity of the material and A is the cross-sectional area per unit width in out of plane. Geogrid is composed of geogrid element (line elements) with two translational degrees of freedom in each node (u x , u y ). As the 15-node soil elements are employed, each of the geogrid element is defined by 5-node. Axial forces are evaluated at the Newton-Cotes stress points. These stress points coincide with the nodes. The locations of the nodes and stress points in geogrid elements are indicated in Fig. 2 . 
ANALYSIS OF NUMERICAL RESULTS
In the analysis of numerical results, the vertical earth pressures on the crown of the culvert are firstly selected for comparisons with those in the field test. The comparisons of the numerical results with the field data are presented in Fig. 3 . The calculated vertical earth pressures on the crown of the culvert are in reasonable agreement with the measured data at the end of the embankment construction.
The maximum differences in the vertical earth pressures of the numerical simulation and the instrumentation results are 8.4%, 4.4% and 12.7% for Section 1-1, Section 2-2 and Section 4-4, respectively.
(a) Different culvert sections
The main difference among these four sections are the heights of the load reduction trench, the heights are 2.0m, 1.5m, and 0.5m of Section 1-1, Section 2-2 and Section 4-4, respectively. In the field, the culvert, the loose cinder and the surrounding compacted soil had different stiffness, so that the pressures are transferred from the culvert crown to the lateral soil masses. The pressure increases non-linearly with the height of the embankment fill. In the process of the embankment construction, the frictions and the supports of the slopes begin to take effect, so that the overburden of the backfill is partly transferred to the lateral soil prisms. Thus, the vertical pressure on the crown increases with a decreased ratio.
(b) Different numbers of geogrid layers
The dimensions of the geometric model are consistent with those of Section 1-1, as shown in Fig. 1 . The total height of the embankment fill above the culvert is 17.5 m, the valley with two vertical slopes is about 32 m wide, and it is about 11 m from the axis of the culvert to the left slope and 21 m to the right one. The widths of the load reduction trench and the culvert are the same and 4 layers of geogrid with the spaces 0.5 m are placed on the trench. The bottom geogrid layer is spread on the top level of the load reduction trench, and the layers are activated from the bottom to the top one by one to simulate different number of geogrid layers installation.
In Section 1-1, the width of the load reduction trench is the same as the culvert and the height is 2.0 m, the trench is covered with different numbers of geogrid layers. The vertical earth pressures on the crown of the culvert are listed in Table 2 . The data listed in Table 2 illustrate that with the increase of the number of geogrid layers, the vertical earth pressure on the crown of the culvert decreases slightly. More layers of geogrid cannot be more effective on reducing vertical pressure for the culvert, the stress states and the displacements of geogrid layers are shown in Fig. 4 .
The axial tensile forces and settlements of the geogrid are shown in Fig. 4 . The order of the geogrid layers are in accordance with that in Fig. 1 . By freezing the upper layer or layers of the geogrid, the arrangements of different number of geogrid layers are simulated. It can be seen from Fig. 4 that the bottom geogrid layers have the largest differential settlements, accordingly their axial tensile force are greatest. In multilayer installations, the mid points of the bottom geogrid layers have the largest tensile forces, the other geogrid layers and the single layer installation have the largest tensile forces at the positions above the edge of the load reduction trench. The difference in settlements of the bottom geogrid between the single layer and 4-layer installation is less than 13.7%. Therefore, in practice, single layer of high strength geogrid spread on the top of the load reduction trench can also achieve an ideal effect of load reduction. It can be seen from Fig. 5 , with the increase of the width of the load reduction trench, the vertical earth pressures on the crown of the culvert increase. When the height of the embankment fill is less than 5.0 m, the variations of the widths of the load reduction trench have little influences on the vertical pressures. When the embankment fill is higher than 10 m, the influences of the widths increase. When the width of the load reduction trench is equal to that of the culvert, the pressure on the crown of the culvert is minimum. The main cause is that the differential settlement at the top level of the crown of the culvert is reduced by widening the load reduction trench, thus the efficiency of load transfer decreases. Although the increase of the width of the load reduction trench increases the vertical earth pressure, it improves the internal stress state. And the maximum moments of the culvert with different widths of trenches are listed in Table 3 . The data listed in Table 3 indicate that the maximum moment of the culvert decreases with the increase of the width of the load reduction trench. Different widths of load reduction trench result in different maximum moments, widening of the load reduction trench improves the state of the culvert structure, although the effect is limited. When the width of the trench increases to 3 times of that of the culvert, the maximum bending moment will be reduced by about 11%. 6 shows that the vertical earth pressures increase with the increase of the height of the embankment fill, and the trench with a larger slope angle leads to a lower vertical pressure. Thus, the load reduction trench should be excavated vertically.
(e) Moduli of the backfill in the load reduction trench
The variations of the vertical earth pressures on the crown of the culvert with the height of the embankment fill are as shown in Fig. 7 . The height of the load reduction trench is 2.0 m, and the width is the same as the culvert. Fig. 7 shows that the moduli have significant influence on the vertical earth pressure on the crown of the culvert. When the modulus of the backfill in the trench is less than 0.5 MPa, the load reduction effect is significant, the pressure on the crown of culvert is greatly reduced; when further reducing the modulus, the load reduction effect become unobvious. The efficiency of load reduction decreases with the increase of the modulus of the backfill in the trench. Thus in selection of the backfill material, the material with low compression modulus will be a preference. But the modulus should not be less than 0.5 MPa, as the efficiency could not be improved by further reducing the modulus. And very low modulus of the backfill often causes large deflection of the geogrid, and it is not conducive to the long-term stability of the embankment. Therefore, the modulus of the backfill in the load reduction trench is preliminarily proposed to be 0.5 MPa to 5 MPa. The vertical earth pressures on the crown of the culvert with different friction angles are listed in Table 4 , the data in Table 4 indicate that when the internal friction angle of the backfill material in the load reduction trench is greater than that of the lateral compacted embankment fill, it exerts very slight influence on the vertical pressure. When the internal friction angle is less than that of the lateral fill, the variation of internal friction angle has significant influence on vertical pressure. Therefore, the internal friction angle of the backfilled materials is preliminarily proposed less than that of the lateral fill, in order to obtain a significant effect of load reduction.
(g) Cohesion of the backfill in the load reduction trench
The vertical pressures on the crown of the culvert with different heights of embankment fill are listed in Table 5 . It can be seen from Table 5 that the cohesion of the backfill in the load reduction trench has little influence in the vertical earth pressure on the crown of the culvert. Therefore, sand, silt, clay with different cohesions can be used as backfill materials, and the cohesion could be ignored in analysis of vertical pressure.
CONCLUSIONS
(I) The slope angle and the height of the ditch, the plane stiffness of the geogrid have great effect on the load reduction efficiency, trenches with higher height and slope angles of 90°lead to a significantly reduction on vertical earth pressures on the crown of culverts. (II) The modulus of the backfill material in the load reduction trench has great influence on reduction of the vertical pressure, while the cohesion of the backfill material has very little effect on the vertical pressure. When the internal friction angle of the backfill material is less than that of the lateral compacted fill, the reduction of the vertical pressure on the crown of the culvert is obvious.
